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%\UHSODFLQJ WKHFRQYHQWLRQDOO\XVHG LQ WKLVSXUSRVHVYDFXXPSKRWRPXOWLSOLHU WXEHVE\VLOLFRQSKRWRPXOWLSOLHUV
6L30RQHFRXOGJUHDWO\VLPSOLI\WKHGHVLJQRIDJDPPDUD\WHOHVFRSHDQGDGGLWLRQDOO\RSWLPL]HLWVGLPHQVLRQVDQG
UHOLDELOLW\IRUWKHVSDFHH[SHULPHQWFRQGLWLRQV
,Q RUGHU WR HYDOXDWH WKH DFKLHYDEOH SHUIRUPDQFH RI VFLQWLOODWLRQ GHWHFWRUV ZLWK 6L30 UHDGRXW D VHW RI
PHDVXUHPHQWV KDV EHHQ FDUULHG RXW XVLQJ D GHWHFWRU FRQVLVWLQJ RI D VFLQWLOODWLRQ VWULS DQG D QXPEHU RI 6L30V
PDQXIDFWXUHGE\GLIIHUHQWFRPSDQLHV7LPHDQGDPSOLWXGHFKDUDFWHULVWLFVRIVXFKGHWHFWRUVZHUHPHDVXUHGDQGWKHLU
GHSHQGHQFHRQWKHOHYHORIVLPXODWHGUDGLDWLRQGDPDJHFRQVHTXHQFHVZDVHYDOXDWHG
7KHH[SHULPHQWDOVHWXS
7KHPHDVXUHPHQWVZHUH FDUULHG RXW XVLQJ D VFLQWLOODWLRQ VWULSPDGH RI SODVWLF VFLQWLOODWRU %& IURP 6DLQW
*REDLQ&U\VWDOVVL]HG[[FPVHH)LJ$VHWRIVL[6L306HQV/%VHULHV[PPDFWLYHDUHDIRUPLQJD
VLQJOHFLUFXLWZDVRSWLFDOO\FRXSOHGWRRQHHGJHRIWKHVWULS$FRPPRQVLJQDOIURPDOOVL[GHYLFHVZDVIHGWRWKH
UHDGRXWFLUFXLWDVVKRZQLQ)LJ$VHWRIVL[6L30.(7(.30[PPDFWLYHDUHDZDVFRXSOHG WR WKH
RSSRVLWHHGJHRI WKH VWULS0HDVXUHPHQWVZLWKERWK6L30VHWVZHUHSHUIRUPHGFRQVHFXWLYHO\7KHRSWLFDOFRQWDFW
ZDVSURYLGHGZLWK5KRGRUVLO3kWHRSWLFDOJUHDVH

)LJ7HVWVHWXSIRUWKHGHWHFWRU¶VWLPHDQGDPSOLWXGHFKDUDFWHULVWLFVVWXG\
$UDGLRDFWLYHVRXUFH6UZLWKDPD[LPDOHQHUJ\RIWKHEHWDVSHFWUXPRIHPLWWHGSDUWLFOHVHTXDOWR0H9ZDV
SODFHGDWGLIIHUHQWSRLQWVDORQJWKHFHQWUDOD[LVRQWKHWRS;<SODQHRIWKHVFLQWLOODWLRQVWULS$QDGGLWLRQDO;3
307 SODFHG XQGHU WKH VRXUFH DV VKRZQ LQ )LJZDV XVHG IRU WKH VHOHFWLRQ RI HYHQWVZLWK 0H9 HQHUJ\
GHSRVLWLRQJHQHUDWLQJWULJJHUVLJQDOV7KH307FRQWULEXWLRQWRWKHUHVXOWLQJWLPHUHVROXWLRQGLGQRWH[FHHGSV
7KH PHDQ HQHUJ\ GHSRVLWHG E\ HOHFWURQV LQ  FP WKLFN VFLQWLOODWRU YROXPH a0H9 VHOHFWHG  E\ D  VLJQDO
GLVFULPLQDWLRQ EDVHG RQ WKH ;3 WULJJHU VLJQDOV UHVXOWHG LQ D ZHOOVHSDUDWHG SHDN LQ WKH 4'& VSHFWUXP RI
VFLQWLOODWLRQVGHWHFWHGE\D6L30VHW7\SLFDO4'&VSHFWUDRIVLJQDODQGQRLVHHYHQWVDUHVKRZQLQ)LJ
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
)LJ7\SLFDOVLJQDODQGQRLVH4'&VSHFWUDGLVWULEXWLRQV7KHPHDVXUHPHQWVHUURUVDUHLQVLGHH[SHULPHQWDOSRLQWV
$PSOLWXGHDQGWLPLQJSHUIRUPDQFH
3.1. Measurements under normal conditions 
)LJJLYHVWKHWLPHUHVROXWLRQRIWKHWHVWHGVFLQWLOODWLRQGHWHFWRUDVDIXQFWLRQRIWKHGLVWDQFHEHWZHHQWKHEHWD
VRXUFHDQGWKHVHWRI6L30XVHGLQWKHPHDVXUHPHQWV

)LJ7LPHUHVROXWLRQIRUWKHWHVWHGVFLQWLOODWLRQGHWHFWRUDVDIXQFWLRQRIWKHGLVWDQFHEHWZHHQWKHEHWDVRXUFHDQGWKHDSSURSULDWHVHWRI6L30
7KHPHDVXUHPHQWVHUURUVDUHLQVLGHH[SHULPHQWDOSRLQWV
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7KHGDWDVKRZQLQ)LJGHPRQVWUDWHVWKHSRVVLELOLW\RIDFKLHYLQJaSVWLPHUHVROXWLRQIRUDODUJHVFLQWLOODWLRQ
GHWHFWRURIVXFKDW\SHXVLQJWKH6HQV/GHYLFHVDQGaSVLQFDVHRI.(7(.GHYLFHVZKHQWKHVFLQWLOODWLRQVRFFXU
LQ WKH FHQWHU RI WKH VFLQWLOODWLRQ VWULS 6LPXOWDQHRXV RSHUDWLRQ RI SKRWRVHQVRUV DWWDFKHG WR ERWK HGJHV RI WKH
VFLQWLOODWLRQVWULSDQGDGGLWLRQDOXVHRIDPHDQWLPHUHOHFWURQLFFLUFXLWPD\VOLJKWO\LPSURYHWKHVHYDOXHVDQGPDNH
WKHPQHDUO\LQGHSHQGHQWRIWKHLPSDFWSRLQW
%DVLQJRQWKHGDWDJLYHQLQ)LJZHVXSSRVHWKDWUHIOHFWLRQVRIVFLQWLOODWLRQSKRWRQVIURPWKHIDUHGJHRIWKHVWULS
FRXOGDIIHFWWKHWLPLQJSHUIRUPDQFHRIWKHVFLQWLOODWLRQGHWHFWRUZKLOHUHJLVWHULQJHYHQWVRFFXUUHGLQWKHPLGGOHRI
WKHVWULS
7KHVPDOOHULVWKHUDWLRRIDUHDRIWKHIDUHGJHRIDVFLQWLOODWLRQVWULSFRYHUHGE\DOLJKWDEVRUELQJVXUIDFHVXFKDV
D6L30DFWLYHVXUIDFHRUD307ZLQGRZWRWKHWRWDODUHDRIWKHIDUHGJHWKHODUJHUDPRXQWRIUHIOHFWHGDQGWKXV
GHOD\HGSKRWRQVZRXOGEHGHWHFWHGE\SKRWRVHQVRUVDWWDFKHGWRWKHRSSRVLWHHGJHRIWKHVWULS
7KRXJKWKHDFWLYHDUHDRI6HQV/DQG.(7(.6L30VXVHGLQWKHPHDVXUHPHQWVGHVFULEHGLVHTXDOWKHDUHDRIWKH
IURQWVXUIDFHRIWKH6HQV/6L30V¶KRXVLQJLVRIWKDWIRUWKH.(7(.6L30V7KLVIDFWFRXOGKHOSWRH[SODLQWKH
VLJQLILFDQWGLIIHUHQFHEHWZHHQWKHYDOXHRIWKHWLPHUHVROXWLRQGHWHULRUDWLRQLQWKHFHQWUDOUHJLRQRIWKHVFLQWLOODWLRQ
VWULSIRUWKH6HQV/DQG.(7(.6L30UHDGRXWGHWHFWRURSWLRQV
)LJ  VKRZV WKH VLJQDO DPSOLWXGH DWWHQXDWLRQ GHSHQGLQJ RQ WKH GLVWDQFH EHWZHHQ WKH EHWDVRXUFH DQG WKH
DSSURSULDWH6L30VHWIRUERWKW\SHVRI WKHGHYLFHV2QHFDQVHHWKDW WKHVLJQDODPSOLWXGHGHFUHDVHVH[SRQHQWLDOO\
DORQJWKHHQWLUHOHQJWKRIWKHVWULSH[FHSWRIWKHUHJLRQQHDUE\WKHIDUHGJHRIWKHVWULS
)LJ7KHVLJQDODPSOLWXGHDVDIXQFWLRQRIWKHGLVWDQFHEHWZHHQWKH
EHWDVRXUFHDQGWKHGHWHFWLQJVHWRI6L307KHPHDVXUHPHQWVHUURUV
DUHLQVLGHH[SHULPHQWDOSRLQWV

)LJ7KHGHSHQGHQFHRIWKHVFLQWLOODWLRQGHWHFWLRQHIILFLHQF\IRUWKH
WHVWHGVFLQWLOODWLRQGHWHFWRURQWKHGLVWDQFHEHWZHHQWKHEHWDVRXUFHDQG
WKHGHWHFWLQJVHWRI6L30

'HSHQGHQFHRIWKHVFLQWLOODWLRQGHWHFWLRQHIILFLHQF\RQWKHGLVWDQFHEHWZHHQWKHGHWHFWLQJ6L30VHWDQGWKHEHWD
VRXUFHLVVKRZQLQ)LJ:HGHWHUPLQHWKHYDOXHRIWKHVFLQWLOODWLRQGHWHFWLRQHIILFLHQF\DVDUDWLRRIWKHQXPEHURI
HYHQWVFRXQWHGE\D6L30VHWWRWKHQXPEHURI;3WULJJHUV7KHSUHVHQWHGGDWDVKRZVWKHSRVVLELOLW\WRDFKLHYH
WKH YDOXH RI WKH SDUWLFOH GHWHFWLRQ HIILFLHQF\ RI  UHODWLYHO\ HDVLO\ DQG HQKDQFH LW E\PRUH WKDQ DQ RUGHU RI
PDJQLWXGHXWLOL]LQJDWOHDVWWZROD\HUVRIVFLQWLOODWLRQGHWHFWRUV
3.2. Characteristics under the radiation damage consequences simulation 
5DGLDWLRQDJLQJRI6L30VLVDVHULRXVREVWDFOHWRWKHLUZLGHVSUHDGXVHLQVSDFHDQGDFFHOHUDWRUH[SHULPHQWV2QH
RIWKHPDLQFRQVHTXHQFHRID6L30UDGLDWLRQDJLQJLVDQLQFUHDVHRILWVGDUNFXUUHQWLHLQFUHDVHRIWKHQXPEHURI
ILUHG6L30SL[HOVSHUXQLWWLPH7KLVPD\OHDGWRDVLJQLILFDQWUHGXFWLRQRIWKHXVHIXOVLJQDO¶VDPSOLWXGHDQGWRDQ
LQFUHDVHRIWKHDYHUDJHQRLVHVLJQDODPSOLWXGHUHVXOWLQJLQERWKDPSOLWXGHDQGWLPLQJSHUIRUPDQFHGHWHULRUDWLRQ
7R HVWLPDWH WKH LQIOXHQFH RI WKH LQFUHDVHG GDUN FXUUHQW RQ 6L30 FKDUDFWHULVWLFV VSHFLDO PHDVXUHPHQWV ZHUH
FDUULHG RXW LQ RUGHU WR VLPXODWH WKH 6L30 UDGLDWLRQ DJLQJ $W ILUVW WKH LQFUHDVH RI WKH 6L30 GDUN FXUUHQW ZDV
VWLPXODWHGE\DFRQWLQXRXVORZLQWHQVLW\LOOXPLQDWLRQRILQGLYLGXDO6L30VDPSOHVZKLOHWKHSK\VLFDOVLJQDOVZHUH
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FUHDWHG E\ VKRUW /(' IODVKHV ZLWK FRQVWDQW DPSOLWXGH $V D UHVXOW WKH JUDGXDO LQFUHDVH RI WKH LQWHQVLW\ RI WKH
FRQWLQXRXVLOOXPLQDWLRQEURXJKWWRDVWHDG\UHGXFWLRQRIWKHSK\VLFDOVLJQDOVDPSOLWXGH)LJ
7RHVWLPDWHWKHHIIHFWRIWKHLQFUHDVLQJGDUNFXUUHQWRQWKHWLPLQJSHUIRUPDQFHRIWKHVFLQWLOODWLRQGHWHFWRUZLWKD
6L30UHDGRXWDVHWXSZDVXVHGZKLFKZDVVLPLODUWRWKHRQHVKRZQLQ)LJEXWD/('KDVEHHQLQFOXGHGLQWRWKH
VFKHPHSURYLGLQJIRUDFRQWLQXRXVORZLQWHQVLW\LOOXPLQDWLRQRIWKHVFLQWLOODWLRQHGJHZLWK6L30VDWWDFKHG7KH
UHVXOWVDUHVKRZQLQ)LJ
&RPSDULVRQRIWKHGDWDVKRZQLQ)LJDQG)LJOHDGWRWKHFRQFOXVLRQWKDWWKHPDLQUHDVRQRIGHWHULRUDWLRQRI
WKH WLPLQJ SHUIRUPDQFH RI WKH VFLQWLOODWLRQ GHWHFWRUV ZLWK 6L30 UHDGRXW LV WKH LQFUHDVH RI WKH DYHUDJH QRLVH
DPSOLWXGH)LJMXVWLILHVWKHQHHGWRRSWLPL]HWKHWKLFNQHVVRI6L30VKLHOGLQJLQFDVHRIRSHUDWLRQXQGHUDGYHUVH
UDGLDWLRQHQYLURQPHQWFRQGLWLRQVLQRUGHUWRHOLPLQDWHWKH6L30GDUNFXUUHQWLQFUHDVHVWURQJHUWKHQDIDFWRURI
)RURWKHU6L30W\SHVZLWKGLIIHUHQWLQLWLDOGDUNFXUUHQWYDOXHVWKLVSDUDPHWHUFRXOGSUREDEO\GLIIHU
&RQFOXVLRQ
7KHUHVXOWVREWDLQHGGHPRQVWUDWHWKHSRVVLELOLW\RIWKHVLOLFRQSKRWRPXOWLSOLHUUHDGRXWDSSOLFDWLRQWRWKHWLPHRI
IOLJKWDQGDQWLFRLQFLGHQFHV\VWHPV¶GHWHFWRUVRIIXWXUHJDPPDUD\VSDFHWHOHVFRSHV)RUH[DPSOHDSSOLFDWLRQRIWKH
UHSRUWHG DERYH 6HQV/%VHULHV 6L30V WR WKH*$00$ JDPPDUD\ WHOHVFRSH VXEV\VWHPV FRXOG UHVXOW LQ WKH
DSSURSULDWHSHUIRUPDQFHRISDUWLFOHGHWHFWLRQDQGUHMHFWLRQRIWKHWHOHVFRSHWKRXJKLWLVSODQQHGWRXWLOL]HUHFHQWDQG
PRUHVXLWDEOH6HQV/&VHULHV6L30ZLWKIDVWRXWSXW>@IRUWKLVSXUSRVH
5HVXOWV RI WKH PHDVXUHPHQWV XVLQJ WKH VLPXODWLRQ RI WKH 6L30 UDGLDWLRQ DJLQJ VKRZ WKH QHHG WR FDUHIXOO\
FRQVLGHU WKH WKLFNQHVV RI WKH SKRWRVHQVRUV¶ VKLHOGLQJ DQG VHOHFW WKH DSSURSULDWH W\SH RI 6L30V LQ WHUPV RI WKHLU
UDGLDWLRQKDUGQHVV
,WLVDOVRLPSRUWDQWWRDFKLHYHWKHODUJHVWSRVVLEOHPDUJLQLQWKHGHWHFWRUV¶WLPHUHVROXWLRQDWWKHVWDJHRILWVRQ
JURXQGFDOLEUDWLRQLQRUGHUWRDYRLGXQDFFHSWDEOHOHYHORIWKHWLPLQJSHUIRUPDQFHGHWHULRUDWLRQGXULQJWKHODVW\HDUV
RIWKHGHYLFH¶VVSDFHPLVVLRQ6XFKPDUJLQFRXOGEHDFKLHYHGE\LQFUHDVLQJWKHQXPEHURI6L30VLQHDFKVHWWKXV

)LJ7KHSK\VLFDOVLJQDODPSOLWXGHUHGXFWLRQ$$DVDIXQFWLRQ
RI WKH 6L30 GDUN FXUUHQW LQFUHDVH ,, ZKHUH $ DQG , DUH WKH
SK\VLFDO VLJQDO DPSOLWXGH DQG WKH 6L30 GDUN FXUUHQW UHVSHFWLYHO\
PHDVXUHGDWGLIIHUHQWOHYHOVRIFRQWLQXRXV6L30LOOXPLQDWLRQ$DQG
, ± WKH LQLWLDO YDOXHV RI SK\VLFDO VLJQDO DPSOLWXGH DQG 6L30 GDUN
FXUUHQWUHVSHFWLYHO\PHDVXUHGZLWKQRDGGLWLRQDOLOOXPLQDWLRQ7KH
PHDVXUHPHQWVHUURUVDUHLQVLGHH[SHULPHQWDOSRLQWV

)LJ7LPHUHVROXWLRQIRUWKHVFLQWLOODWLRQGHWHFWRUDVDIXQFWLRQRIWKH
6L30GDUNFXUUHQWLQFUHDVH,,7KHPHDVXUHPHQWVHUURUVDUHLQVLGH
H[SHULPHQWDOSRLQWV

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LQFUHDVLQJWKHVLJQDOWRQRLVHUDWLR
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